INTRODUCTION
The monitoring of Cultural Heritages conservation is an operational issue that requires a multidisciplinary approach able both to provide the dynamic and sustainable Cultural Heritage surveying and improve the understanding of historical materials in response to pollutants or climate changes, as well as natural events (e.g. earthquakes, avalanches and flooding hazards) [1] . Within such a framework, different methodologies are proposed in literature for Cultural Heritage monitoring, such as topographical surveys, digital photogrammetric analysis, laser scanning, Global Positioning System (GPS), optical/radar satellite remote sensing, multispectral image analysis, 3-Dimensional (3D) modeling, Geographic Information System (GIS) [2] . The peculiarities of each case study and the difficult working conditions require particular solutions in terms of costs, acquisition time and generated products, which can be addressed and solved by considering a multi-technique surveying approach. Within such a framework, both radar and laser technologies have demonstrated their effectiveness for Structural Health Monitoring (SHM) purposes thanks to the propagation of electromagnetic waves, which can ensure fast, efficient detailed and highly accurate measurements of observed buildings during both day and night-time [3] - [5] .
In this study, an integrated system of proximal remotelysensed tools is proposed and investigated for Cultural Heritage surveying, which consists of a Ground-Based Synthetic Aperture Radar (GBSAR), a GB Real Aperture Radar (RAR) and a Terrestrial Laser Scanner (TLS). Preliminary results are presented for the Sant'Agostino Church in Cosenza to show the benefits of the proposed approach for Cultural Heritages monitoring.
The paper is organized as follows. In section 1 a brief introduction about the Cultural Heritage monitoring is provided together with the relevant state of the art. In section 2 the methodology at the basis of the proposed approach and the ground-based instrumentation implemented in this study are described. In section 3 some preliminary results are provided for the test heritage of Sant'Agostino Church in Cosenza. Finally, conclusions are drawn in section 4.
METHODOLOGY
In this section, the methodology and the tools at the basis of the proposed multi-disciplinary and multi-technique integrated system approach are briefly described.
Ground-Based Radar System
The GB Radar System is a powerful tool with interferometric capabilities for both topographic deformation and structural vibration monitoring and measurements [3] - [4] . The latter can be provided through the interferometric processing technique, which allows measuring changes in the position of an object by comparison of the reflected electromagnetic wave phase at different times, with an accuracy depending on radar system characteristics [3] - [4] . The GB Radar System can be used in two different configurations: the interferometric GBSAR (see Fig. 1a ) and interferometric RAR (see Fig. 1b ). The first one allows providing maps of topographic deformation through an appropriate interferometric processing, with an accuracy of cm/year [3] . The second one provides displacement time series of vibrating structures, with a precision down to tens of microns [4] .
In this study, the IBIS-L GBSAR system marketed by Ingegneria Dei Sistemi (IDS) company is used, which operates at Ku band (17GHz), with a range spatial resolution of 0.5m, a 4.3mrad azimuth resolution and a maximum spatial coverage of 4Km 400m (range x azimuth).
Terrestrial Laser Scanner (TLS)
The TLS is a powerful laser sensor, which is effectively used for the 3D modeling, analysis, monitoring and surveying of static buildings (see Fig. 2 ) [5] . Generally, laser scanner operates on three principles: triangulation, time of flight and phase comparison. The instrument used in this study is a phase comparison scanner. This instrument measures the distances between an arbitrary reference point internal to its sensor and the illuminated spot of the target surface, estimating the phase difference between the signal emitted and the returning laser pulse. Phase comparison system can capture million of point per second. For each point of the illuminated target surface, the TLS provides a set of coordinates in a local reference system, the value of the reflectivity and, optionally, the point color in a Red, Green and Blue (RGB) scale. For every station point, the TLS provides a structured scan file composed by an array of XYZ coordinates in a common coordinate system, i.e. a point cloud.
In this study, the Z+F IMAGER 5010C TLS is used. It's a long range (eye safety class 1 laser) terrestrial laser scanner, which can operate at range distances up to 170m with about 3mm accuracy. It is equipped with an integrated calibrated camera, which can acquire High Dynamic Range (HDR) digital images of the observed target surface and provides 80Mpixel full panorama generation.
PRELIMINARY RESULTS
In this section, some preliminary results are described to investigate the effectiveness of the proposed approach for Cultural Heritage monitoring. The test site is Sant'Agostino Church in Cosenza, Italy, which was subject of restructuring during the past as a result of damages due to natural hazards that interested Calabria region.
A set of interferometric GBSAR images have been collected in October 2013 from a position of about 600m far from the church to monitor the stability of the Sant'Agostino historical complex (see Fig. 3a ). In Fig. 3(b) it is shown the coherence map of the church with its surroundings, over the whole temporal gap of the first GBSAR campaign. As expected, the interested area has maintained very high coherence values (>0.9) during the first campaign. To provide a complete monitoring of the Sant'Agostino historical complex and further describe its vibrating characteristics, a set of RAR measurements has been jointly collected during the same GBSAR campaign from a position of about 22m far from the church facade (see Fig. 4a ). Some meaningful results are shown in Fig.  4(b) , which describes the displacement time series of the facade (bin 27) and the bell tower (bin 46) by considering the toll of the bells at noon. The displacement for the main part of the building stands within 100 microns, while the displacements for the bell tower increase of almost an order of magnitude (700 microns) during the toll. Results demonstrate that the ringing negligibly affects the main stru- -cture of church facade, while noticeable vibrations correlated to the toll are clearly detectable in the tower response (see twelve main peaks in Fig. 4b ). These results have been clearly confirmed by analyzing the Power Spectral Density (PSD) of the structure over the entire acquisition (see Fig. 4c ). It can be noted that the radar bins belonging to the tower bell show a frequency pattern rich of harmonics, while the ones related to the main structure are almost noisy.
Besides the GBSAR and RAR acquisitions, a set of TLS measurements have been collected from July to December 2013 to monitor the state of conservation of the Sant'Agostino Church Compound and to provide valueadded information for the 3D reconstruction, modeling and screening of the observed monument with its radiometric features. In Fig. 5(a) it is shown the 3D model of the church facade, together with its reflectivity map. The model is obtained by processing the collected data, starting from the raw observation, firstly by aligning the point clouds and finally by merging a co-registered set of structured cloud points with an appropriate sequence of procedures. The software used for the modeling procedures is JRC 3D Reconstructor ® . The Fig. 5(b) shows the morphological map (in m) of the church facade, evaluated with respect to a reference fitting plane, which has been superimposed to the 3D reflectivity map of the heritage. Fig 5(c) shows the morphological map of a portion of the Sant'Agostino church In order to provide additional information about the conservation state of the selected Cultural Heritage and then estimate its possible degradation state, the survey should be repeated and scheduled in time by following the testing procedures implemented in this work. This task will be object of future investigations to support and then improve the proposed study for SHM purposes.
CONCLUSIONS
In this study, a multi-technique approach for Cultural Heritage surveying is proposed and implemented. It is based on the integrated use of GBSAR, RAR and TLS sensors. Preliminary results, gathered for the Sant'Agostino Church, show the soundness of the proposed approach, thus providing value-added information in perspective of future campaigns and risk assessment activities.
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